Summary
Hereditary erythroblastic anaemia was found in a homozygous mutant (hea/hea) of an inbred strain CFO, which originated from noninbred CF#1 mice from Carworth Inc. This newly-described anaemia is inherited as an autosomal recessive and is lethal at 15-25 days of age. Erythrocytes of anaemic mice show striking polychromasia, anisocytosis, and poikilocytosis. One of the most marked features of this anaemia is the presence of large numbers of nucleated cells, mainly orthochromatophilic erythroblasts and myeloid cells, in the circulation. They also include immature erythroid and myeloid cells. Many naked nuclei appear on smears from circulating blood of anaemic infants. Erythrocytes, haematocrit percentage, and haemoglobin content of older anaemic infants were only about 50% of those of the normal. Formation of erythroid, myeloid cells, and megakaryocytes in the bone marrow seems to be progressively affected by mutant alleles in the anaemic infants.
17 mutations which affect erythropoiesis were identified in laboratory mice (Russell & Bernstein, 1966; Russell, 1979) . Of these, 4 different macrocytic anaemias are produced by mutant alleles (W series, Sl series, Hertwig's anaemia (an), and diminutive mice (dm)). Four independently inherited haemolytic anaemias have also been reported, these are jaundice (ja), haemolytic anaemia (ha), spherocytosis (sph), and normoblastosis (nb). Others include transitory siderocytic anaemia of flexed-tailed mice (1), transitory embryonic anaemia (Ts), sex-linked hypochromic anaemia (sla), microcytic anaemia (mk), and autoimmune anaemia of NZB mice.
We have recently found hereditary congenital anaemia with newly-described features in a homozygous mutant (hea/hea) of an inbred strain CFO, which is descended from outbred CF#1 mice from Carworth Inc. This paper describes some haematological features pf this anaemia produced by hea.
Materials and methods
Blood was taken by retro-orbital puncture with a heparinized micropipette for routine haematological examinations, including erythrocyte, reticulocyte, and nucleated cell counts, haemaglobin, and haematocrit values (Wintrobe, 1974) .
Peripheral blood smears were stained with May-Griinwald-Giemsa stain and also with 1% brilliant cresyl blue stain for supravital staining. Smears of bone marrow cells stained with May-GrUnwald-Giemsa were also used.
Results
When known carriers of hea were mated inter se, 23'5% of the offspring was anaemic (280 of 1193 offspring). When reciprocal crosses were made between known carriers and normal animals, no offspring was affected (1061 known male carriers and 507 known female carriers were used). Carriers of hea were identified only by the presence of their affected offspring after mating. Anaemic newborns (hea/hea) are primarily distinguishable from their normal littermates (hea/+ or +/+) by their yellow body colour. Their peripheral blood picture showed striking anisocytosis, polychromasia, poikilocytosis, and erythroblastosis ( Fig. 1 ). About 98'5% of total circulating nucleated cells of hea/hea newborns were erythroblasts (Table 3) . They were mainly orthochromatophilic erythroblasts, but many of them were pathological and breakable in handling. The cytoplasm of these pathological erythroblasts appeared transparent. Large amounts of almost naked nuclei of orthochromatophilic erythroblasts were observed on blood smears. Many polychromatophilic erythroblasts were also abnormal and contained a few clusters of basophilic substances in the cytoplasm. Disrupted nuclei were frequently found on blood smears stained with May-GrUnwald-Giemsa stain. Immature erythroblasts (proerythroblasts and basophilic erythroblasts) were rarely found in the circulation of the anaemic newborn (Table 3) . Their circulating myeloid cells were somewhat increased (Table 1) , but immature ones (myeloblasts, promyelocytes, and myelocytes) were very rare (Table 4) . Their erythrocyte number, haematocrit percentage, haemoglobin content, 'and cellular haemoglobin concentration were Fig. 1 . Peripheral blood cells of the anaemic newborn of CFO (heafhea). Note marked polychromasia, anisocytosis, poikilocytosis, and the presence of many imcleated cells and almost naked nuclei of orthochromatophilic erythroblasts. May-Criinwald-Ciemsa stain, X 400 (left), and brilliant cresyl blue stain, X 600 (right).
apparently reduced (Table 1) . Retardation of growth and hepatomegaly were not so prominent in the hea/hea newborn (Table 2) . No apparent splenomegaly was seen in the anaemic newborn ( Table 2 ). The bone marrow picture of the hea/hea newborn did not show different features from that of the normal (Table. S), However, many affected infants died after 15 days of age, and none survived after 25 days, even if their normallittermates were excluded and only a few of them were nursed. In older hea/hea infants, retardation of growth and splenomegaly were obvious (Table 2) . Their erythrocyte number, haematocrit percentage, haemoglobin content, and cellular haemoglobin concentration were markedly reduced, while leukocyte and reticulocyte number were elevated (Table  1) . However, their circulating orthochromatophilic erythroblasts and their almost naked nuclei were not increased (Table 1) . Many poly-and orthochromatophilic erythroblasts in their circulation were still pathological. On the other hand, both immature erythroid and myeloid cells appeared in the circulation (Tables 3 and 4 ). In addition, many of the neutrophilic stab leukocytes and segmented leukocytes seemed to be degenerating. The bone marrow picture showed reduced formation of erythroid cells and megakaryocytes, and increased formation of eosinophils (Table 5) . Particularly, immature erythroid cells were rarely observed. Most neutrophilic stab leukocytes and segmented leukocytes also seemed to be somewhat abnormal.
Preliminarr experiments for the study of survival of 5 Cr-labelled erythrocytes of hea/hea infants aged 10 days transfused into the +/+ adult showed that mean half life of the transfused erythrocytes was 0,8 days, as compared with that of about 20 days obtained with erythrocytes from +/+ infants of the same age transfused into the +/+ adult. Rapid elimination of erythrocytes transfused into the +/+ adult from hea/hea infants was clearly seen within 24 h.
Discussion
Anaemia produced by hea in the present study seems to be due to reduction in erythrocyte number and to reduced cellular haemoglobin content progressively from the prenatal period. Some haematological descriptions of this anaemia resemble those produced by ja (Stevens, Mackensen & Bernstein, 1959; Russell & Bernstein, 1966; Russell, 1979) . However, the anaemia by hea shows anisocytosis and polychromasia, while that by ja is microcytic and hypochromic. Neonatal splenomegaly and jaundice are striking in ja/ja mice, but they are not so in hea/hea mice. In addition, erythroid cell lifespan values show ST/2 = 1'6 days and 0'5 days for ja/+ and ja/ja, respectively, while ST/2 = 20 days and 0'8 days for heal+ and healhea, respectively. The value shown in hea/+ mice is the same as that shown in +/+ mice of CFO. Anaemic features in ha/ha or nb/nb also resemble those in hea/hea in some respects (Russell & Bernstein, 1966; Bannermann, Edwards & Pinkerton, 1973; Russell, 1979) . However, some ha/ha and many nb/nb mice become adults, while no hea/hea mice survived to adulthood. Heterozygous carriers of these 3 haemolytic anaemias (ja, ha, and nb) are reported as having a mild form of the disease. On the other hand, no haematological, ., *Ratio of myeloid cells (granuloid cells) to erythroid cells tTypical segmented leukocytes are rarely found immunological, or biochemical differences between heal+ and +1+ have been found. Like the erythroid cells of jalja mice (Bernstein, 1980) , many erythroid cells of healhea mice are pathological and easily broken in handling. Consequently, it was not possible to obtain derivative curves of osmotic haemolysis in healhea mice.
Serum bilirubin content in healhea mice is not significantly different from +1+ or heal+ mice, although quantitation for hea/hea mice was difficult because of large amounts of contaminating lipids in the blood of healhea mice. Urine of +1+ or heal+ mice is generally rather yellow, while that of healhea mice is colourless.
Erythroid cell formation in either liver or spleen of healhea neonates was very active in comparison with that of +1+ or heal+ ones.
